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Abstract: The aim of the present research is to provide a comprehensive review about the current
challenges related to food security and hidden hunger. Issues are presented according to major
factors, such as growing population, changing dietary habits, water efficiency, climate change and
volatile food prices. These factors were compiled from reports of major international organizations
and from relevant scientific articles on the subject. Collecting the results and presenting them in an
accessible manner may provide new insight for interested parties. Accessibility of data is extremely
important, since food security and its drivers form a closely interconnected but extremely complex
network, which requires coordinated problem solving to resolve issues. According to the results, the
demand for growing agricultural products has been partly met by increasing cultivated land in recent
decades. At the same time, there is serious competition for existing agricultural areas, which further
limits the extension of agricultural land in addition to the natural constraints of land availability.
Agricultural production needs to expand faster than population growth without further damage to
the environment. The driving force behind development is sustainable intensive farming, which
means the more effective utilization of agricultural land and water resources. Current global trends in
food consumption are unsustainable, analyzed in terms of either public health, environmental impacts
or socio-economic costs. The growing population should strive for sustainable food consumption, as
social, environmental and health impacts are very important in this respect as well. To this end, the
benefits of consuming foods that are less harmful to the environment during production are also to
be emphasized in the scope of consumption policy and education related to nutrition as opposed to
other food types, the production of which causes a major demand for raw materials.
Keywords: nutrition; agriculture; food security; hidden hunger
1. Introduction
Currently, one of the most important challenges to achieve food security is the intensification of
global food production. Most surveys and research efforts in agriculture focus on crop production.
However, these analyses do not take into account the instability of yield over time or the variability
and reliability of cereal production over the years [1]. As the global population continues to grow,
agricultural production must also keep pace with it. Over the upcoming 40 years, agricultural emissions
will increase by approximately 60% so that humanity can be supplied with food in appropriate quantity
and quality. Various studies predict strong population growth within 30 years [2]. According to
Röös et al. (2017) that number will be approximately 9–11 billion by 2050 [3] but the number is
disproportionate in terms of territorial distribution as it is mostly based on urbanized environments [4].
Concerns about food production are not unfounded. Scientific and technological innovations beat
Malthus’ predictions in 1798 over the long run and increasing food production has met with the
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increasing food demand of the growing population. To continue to prove Malthus wrong in the future
will require serious efforts, especially in terms of agricultural livestock production [5]. If current global
processes continue and population growth tendencies remain unchanged, another 2.4 billion people
will live in developing countries by 2050 (in South Asia and Sub-Saharan Africa, the population is
expected to grow steadily). The size of urbanized areas is expected to increase threefold between
2000 and 2030 [6]. In these regions, agriculture is of outstanding national economic importance.
In total, 75% of the world’s poorest people live in rural areas, where agriculture is their most important
foundation of subsistence [7]. Nevertheless, on average, over 20% of the population living in rural
areas is suffering from food supply security problems [8]. Satisfying the demand requires increased
productivity, structural changes in the livestock sector and the need to increase animal products [9].
According to forecasts, the average daily intake per capita is projected to exceed 3000 kcal globally by
2050 to reach 3500 kcal in developed countries and to exceed 2500 kcal even in the poorest sub-Saharan
areas [10].
The demand for food, feed and crops with high fiber content is constantly increasing. So, there
is increasing pressure on the already “impoverished” arable land and freshwater resources. The size
and proportion of land used to produce food and feed depend largely on the evolution of global
eating habits and the achievable average yields. The production of raw materials for the Western diet
(involving high meat, dairy and egg consumption), which is becoming more widespread in the world,
poses serious environmental challenges [11]. In addition to the competition between food and feed
production, the increasing utilization of biomass also has a significant impact on land use and water
management. The global food sector is heavily dependent on fossil fuels. Therefore, the volatility of
energy markets might have a significant direct impact on food prices and an indirect impact on the
security of food supply [7].
The issues presented above have been under intensive research for several decades, surrounded
by disputes in many cases. Different drives of food supply and security form a complex network, with
strongly interconnected factors. The complexity of this network poses a major challenge for interested
parties and requires close cooperation between parties to resolve the issues. Despite the overwhelming
scientific results, some of the related areas are discussed based on emotion and by taking a subjective
approach. Synthesizing scientific results and presenting them in an accessible manner may provide
novel insight for related parties. This research is a comprehensive review about these issues and the
possible solutions.
2. Materials and Methods
The overall objective of this paper is to provide comprehensive research about the topic, with the
processing of international and relevant literature in a literature study. Food security, nutrition and
livelihood security is connected at the global and national level as well. Thereby, they are affected with
the risk of so-called “shocks” such as climate disasters (drought, flood, etc.), human conflict (such as
war, radical protests, etc.), pests and diseases (such as invasive species, etc.). Multi-sectoral cooperation
is essential because most of the studies have shown that only a few countries have achieved fast
economic growth without preceding agricultural growth. The development of food production systems
is based on agricultural diversification, the conservation of water sources and efficient land usage
while biodiversity is being preserved.
Qualitative research is suitable for exploring results and situations from previous relevant research
and comparing with our research. However, methodological examination regarding the data analysis
process is limited, but there are no systematic rules for analyzing qualitative data. Of course, there must
be a logical structure or a framework behind the analysis. Computer-assisted search engines make
qualitative data analysis more efficient and faster. Qualitative research often provides results, insights
and concepts rather than data analysis methods to assess hypotheses or theories. The economic impact
of food security is analyzed by various, relevant studies, but there is a close relationship between the
environmental and social effects (like water and soil management, climate change, energy security).
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In addition, upon preparing the study a combination of the following terms was applied during the
search for relevant studies: food security, agriculture, population growth, food and environmental
safety, food demand, yield trends, change in land use, biofuels, sustainability requirements, and
mitigation of climate change. These relevant studies were mostly analyzed from Google Scholar,
AgEconSearch, EconBiz.de and Scopus. The literature review is based on recent, relevant studies
between 2005 and 2019. In every case, the latest database of the World Bank [12] and Food and
Agriculture Organization of the United Nations (FAO) [13] was analyzed during the creation of this
study. In some cases, the databases have been merged, e.g., for the exchange of currencies, the
harmonization of units of measurement, the frequency of communication. These circumstances were
harmonized with each other, so that there was no need to "beautify" the database. Based on these
databases, we covered some of the major related results to gain insight into the complexity of these
processes. Graphic representations can help readers to better understand the results. Data from the
previously mentioned databases were analyzed by R Studio. This program supports the graphic
appearance of the analyzed data. Comparing the results is difficult, since most of the results can be
viewed as crude approximations of the future developments. We rather focus on the trends related to
food security.
3. Results and Discussion
3.1. Land Use
In recent decades, the demand for growing agricultural products has been partly met by increasing
cultivated land [14]. However, in the future, the efficiency of agricultural production and specific yields
must be increased, since there is serious competition for existing agricultural areas. Various relevant
studies outline an increasingly gloomy prospect, namely that increasing yields will not be able to
meet the demands for raw materials [15–17]. Nowadays, the increase in agricultural performance is
mainly due to the cultivation of new areas, which is hardly sustainable in the long term. Consequently,
new areas must be incorporated into agricultural production. Agricultural production needs to expand
faster than population growth and this objective needs to be achieved in a sustainable way without
further damage to the environment. The driving force behind development is sustainable intensive
farming, which means the even more effective utilization of agricultural land and water resources [18].
Urbanization takes away an increasing amount of agricultural land and puts pressure on current
land use and biodiversity as well [19]. According to estimations, the growing food demand will require
approximately 320–850 million hectares of agricultural land additionally by 2050. The demand for
additional agricultural land is limited by the changes in future dietary habits, which will mainly be
influenced by socio-economic developments in developing countries. Depending on these changes,
consumption will be shifted towards food sources of animal origin by 2050 due to improving welfare.
Moreover, this will cause a major change in land use as well, since the demand for feed crops will
increase [20]. In addition, future yields based partly on the introduction of new plant varieties and
improved agronomic practices will determine how much arable land will be needed. The requirement
to reduce greenhouse gas emissions originating from agriculture will inevitably limit further land
allocations [21]. At the same time, it should also be taken into account that the reduction of greenhouse
gas emissions in agriculture depends largely on the attitude of producers as they are the ones who
are directly affected by the effects of climate change. Farmers who believe in climate change and its
anthropogenic or man-made nature are much more open to reducing greenhouse gas emissions but, at
the same time, farmers are often more easily able to adapt to changing circumstances than to reduce
emissions of harmful substances [22].
3.2. Population
It is beyond dispute that population growth is among the main drivers of global changes (notice
in Figure 1). In approximately 10,000 B.C., agriculture began to develop with a global population of
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approximately 2.4 million people [23]. At the beginning of our chronology, Earth’s population was
188 million. As a result of the industrial revolution and the parallel development of health care and
medicine, a major change occurred. By the end of the 1800s, the global population reached or already
exceeded one billion people [24]. Currently, China alone has a population of 1.4 billion people [25].
The next major period was the 1930s when global population exceeded 2 billion people (when maize
hybrids began to spread) (Figure 1). Due to the achievements of the Green Revolution, the global
population doubled to over 3 billion (1960). It has been established that the global population grew
from 1.65 billion to 6 billion during the 20th century. In 1970, there were nearly half as many people in
the world as today [26]. By the middle of the 20th century, annual global population growth rose to
2.1% (1962), which is the highest annual growth rate in history. Nowadays, the growth rate has fallen
to 1.2%, which is less than 80 million people annually. According to forecasts, the annual growth rate
will decline to 0.1% by 2100 [27].
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Figure 1. Global population growth. (Source: Own calculation and editing based on the database of 
FAO, 2019.) [13] 
Population growth in itself does not completely explain the changes in food consumption. While 
the volume of food consumption is dependent on the size of the population, quality of the consumed 
food  is dependent on  the average household  income. According  to Figure 2,  there  is no apparent 
connection between the (log of the) population and the (log of) GDP per capita, which means that 
independently from the population of the given countries, the GDP per capita may vary freely. At 
the same time, a higher GDP is more likely to be associated with a low share of agricultural added 
value. At  the bottom of the graph, African countries possess a very high agricultural share  in  the 
GDP, while Europe at the top of the graph is very much the opposite with a high GDP per capita and 
a low share of agriculture (Figure 2). 
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Figure 1. Global population growth. (Source: Own calculation and editing based on the database of
FAO, 2019) [13].
Population growth in itself does not completely explain the changes in food consumption.
While the volume of food consumption is dependent on the size of the population, quality of the
consumed food is dependent on the average household income. According to Figure 2, there is no
apparent connection between the (log of the) population and the (log of) GDP per capita, which means
that independently from the population of the given countries, the GDP per capita may vary freely.
At the same time, a higher GDP is more likely to be associated with a low share of agricultural added
value. At the bottom of the graph, African countries possess a very high agricultural share in the GDP,
while Europe at the top of the graph is very much the opposite with a high GDP per capita and a low
share of agriculture (Figure 2).
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Figure 2. The connection among the population—GDP per capita and agriculture, 2017a. (Source:
Own calculation and editing based on the database of the World Bank, 2019) [12].
Figure 3 shows the connection between the share of agriculture (as value added in % of GDP)
and the er ca ita. GDP per capita is measured in current US$, plotted in logarithmic form.
As the GDP per capita increases in a given country of t e orl , t e s are of agriculture decreases
quickly. Generally, African countries (red color) have the highest share of agriculture in GDP among
the regions, with over 30% or even more in some cases. However, at the same time, the value of GDP
per capita is very moderate. sian and African countries have a relatively low GDP per capita but
high share of agriculture in GDP. The values of Asian countries are extremely diverse. At the same
time, European and North American countries typically have a high GDP per capita, while the share of
agriculture is only a few percent. The share of agriculture is much lower in Latin America, ceania,
Northern America and especially in Europe, mostly under 5% of the GDP. At the same time, GDP per
capita is the highest among the countries. The graph indicates that African and Asia countries are still
very much dependent on agriculture, as they take a igh share of the GDP (denoted by red and orange).
In Fi ure 4, a similar methodology-based editing can be noticed. It deals with the connections
between energy consumption, agriculture and the GDP per capita. With these elements, the latest
database is from 2013. It also indicates the regions with different colors and the GDP per capita value
in US dollars. The “X” axis represents the energy usage (in kg of oil equivalent per capita) and the “Y”
axis represents the share of agriculture in the GDP. It can be read that energy use per capita is very low
in the case of Africa—the value is well under 2500 kg of oil equivalent per capita. A correlation also
can be discovered between the agricultural share in the GDP and energy usage. In regions, where
the share of agriculture in GDP is high (over 20%), there is a low value energy use per capita (under
2500 kg of oil equivalent per capita). In general, as a country became more industrialized, energy
demand increased rapidly and, at the same time, the share of agriculture in the GDP quickly took a
downturn. It can be concluded that countries with a high consumption of energy have much higher
living standards in terms of the GDP per capita compared to countries with low energy consumption.
It is also worth noticing that the relationship is not linear. Below the 2500 kg of oil equivalent per
capita consumption, a small increase in the energy use comes with a rapid decrease in agricultural share
in the GDP. Above this level, no further change is expected. According to the regional distribution,
Africa shows a lower level of energy consumption and the share of Asia varies between the lowest
levels and the highest levels of oil consumption.
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there is an increasing number of global initiatives, which are aimed at the achievement of higher
cereal yields [29]. Similarly, reducing the yield gap is also a keen research topic and objective, since
it is becoming more and more justifiable for many crops to increase yields. Genetic enhancements
are likely to be the potential solutions for achieving maximum yields for plants of key importance.
There is considerable potential for improvement in yields and flexibility in the so-called "orphan crops".
These crops have not been genetically modified yet and they are not traded on an international level.
Consequently, less attention is focused on them in terms of their agricultural utilization. As they receive
less research attention, breeding technology of "orphan crops" is lagging behind modern technology
(e.g., millet, cowpea, manioc, etc.) [30]. On the other hand, agricultural research is increasingly driven
by problems of a wider scope, such as the expected decline in yields due to climate change and severe
weather events [31]. In addition to problems elicited by weather, the focus of research is on the emission
of greenhouse gases and the pollution of water associated with the production of nitrogen-based
fertilizers [32–34].
Similarly, research on pests and diseases is important as they are also major risk factors in the case
of yield differentials and, due to the effects of climate change and efforts to conserve biodiversity, they
are considered as urgent factors [35]. Due to the concerns about soil degradation discussed above, all
agricultural practices related to conservation should be applied for the sake of yield improvements,
such as tillage and other measures such as the conservation of crop residues and the application of
crop rotations [36]. In order for agriculture to meet the emerging challenges it faces, new scientific
discoveries should be adapted into practice as soon as possible. In addition, closer cooperation between
farmers and scientists is required to integrate new developments appropriately into developments that
complement agricultural practices [37]. Nevertheless, the use of genetically modified plants still sets
off contradictions among researchers. The debate is mainly present between representatives of natural
science and social science; however, it must be resolved in order for the reasons of aversions towards
technologies to become understood [38]. Especially, as the latest technological advancements, for
example, the application of genome editing in agriculture—and indirectly in food production—might
exceed the significance of current GMO crop production [39]. GMO crops can play a radically
different role in certain markets: while they have been present in the US since the mid-1990s [40], their
distribution in other countries is strictly prohibited.
3.4. Reasons of Changing Eating Habits
Consumption patterns are constantly shifting towards products of animal origin and dairy
products that contain higher value added, which results in the increasing demand for the production
of feed crops. This process is already typical as, between 1960 and 2010, global arable land per capita
decreased from 0.45 to 0.25 hectares and by 2050, it is expected to shrink to less than 0.20 hectares [41].
Approximately 66% of agricultural land is currently used by livestock farming in the European Union
as well. This ratio is 40% on a global scale and is expected to rise further by 2050 [41]. According to the
data above, dietary change will have a more prominent impact on land use than population growth.
The problems mentioned above could be addressed by putting emphasis on wider cultural changes,
which focuses on the necessity for coordinated actions of government and political activities, industry,
communities, family and society. Recognizing the social needs and attitudes of consumer behavior, a
number of research studies analyzing dietary changes are published, which increasingly reveal the
routine nature of consumer habits and the institutions and infrastructure supporting them [42–44].
Initiatives aimed at the promotion of healthier and more sustainable patterns of consumption should
address the social and technical systems that are able to respond to changing consumer habits.
According to certain research activities, the decision-making process for choosing a diet might force
consumers to face various ethical challenges [45]. For example, consumer preferences for organic food
(with respect to health or sustainability) or the need for locally produced food (minimizing the so-called
"food miles"). Obviously, these preferences greatly influence the decision-making process of consumers
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in relation to the choice of diet [42]. In addition, it should be emphasized that the sustainability of the
food supply could be significantly improved even by the reduction of food losses [46].
The growing population should strive for sustainable food consumption, as social, environmental
and health impacts are very important in this respect as well. To this end, the benefits of consuming
foods that are less harmful to the environment during production are also to be emphasized in the scope
of consumption policy and education related to nutrition as opposed to other food types, the production
of which causes a major raw material demand [47]. In several countries—at primary schools—lunch
break is a basic place of the learning process, where students learn about hygiene, healthy eating habits
and/or recycling waste. Acquiring knowledge about healthy eating and recycling waste is fundamental
at a young age [48]. Current global trends in food consumption are unsustainable, analyzed in terms
of either public health, environmental impacts or socio-economic costs [49]. On different geographic
scales, there are clear correlations between the socio-economic situation and the intake of high-quality
food and the resulting health outcomes. The change in production structure is caused by the increase
in the number of people with higher incomes in low- and medium-income countries. Primarily, this
induces a change in consumption habits through the increasing consumption of meat, fruit and
vegetables compared to different kinds of cereals [50]. The fact that the seasonal consumption of fruit
and vegetables completely disappears is a particularly interesting development. From this point of
view, transportation can be a critical factor of environmental impact. Currently, a person eats an
average of 42 kg of meat annually, which is expected to rise to 52 kg by 2050, and 1.5 billion new
consumers will appear on the market [27]. The growing share of poultry meat among other kinds
of meat should be mentioned here. Due to changing eating habits, more and more people consume
chicken meat. It can be produced relatively quickly, it is relatively cheaper, and it is not prohibited
by religions.
The focus of research is increasingly shifted towards the relationship between nutrition and food
production, especially the problems caused by climate change, increasing population and urbanization.
As an example, many studies on Africa have been published [51,52], which have pointed out that there is
a need for intervention at a social level to modify nutrition habits and to avoid malnutrition. Areas that
are different in terms of public health so far are likely to become even more diversified, as low-income
countries in particular find it more difficult to adapt to the consequences of climate change, food
shortages and water shortage, as well as to the associated socio-demographic changes and the resulting
dietary modifications [53]. Subsequent research activities and their practical implementation should
address the impact of dietary changes on the natural environment and the impact of environmental
changes on all components of food safety [20].
The integrated approach of agri-food research draws attention to the impact of social and
political conflicts on health and malnutrition. Changes occurring in the environment might aggravate
malnutrition by limiting the ability to produce food products. Extreme weather events (for example
drought and floods) might contribute to the volatile change in food prices, which in extreme cases
might result in serious problems, in the form of riots or the further increase in the proportion of
famine [54].
3.5. Links between Nutrients and “Hidden Hunger”
There is a detectable positive change in the reduction process of global famine. However,
despite progress, the world is still far from a sustainable food safety system. Obesity is a phenomenon
that exists nearly in parallel with famine and malnutrition. Nearly 800 million people are chronically
underfed in terms of energy intake, while 2 billion people suffer from micronutrient deficit, but at the
same time 1.9 billion people are overweight or obese [55,56].
People suffering from hidden hunger typically consume food items with high calorie but low
nutrient content, which can easily lead to obesity (although not necessarily). This also proves that
famine and obesity, as well as under- and overnutrition occur in parallel at a global scale. This means
the inadequate consumption of sufficient vitamins, minerals and trace elements. Therefore, it is
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interesting that overnutrition (in calories) may be associated with malnutrition (micronutrient). It will
be a great challenge for the future to produce food of not only sufficient quantity but quality as well.
As a summary of the above, three phenomena appear as contradictions but parallel to each other:
malnutrition, overnutrition, and hidden hunger. These three forms of nutritional problems are also
referred to as the "triple burden" of malnutrition [57]. This triple effect contributes to the reduction
of physical and cognitive human development, the loss of productivity, sensitivity to infectious and
chronic diseases and aging [58].
Micronutrient-deficient nutrition is a global phenomenon that may affect certain social groups,
such as those over the age of 65 even in the most advanced countries [60]. Reduction of the various
forms of malnutrition requires better food policy and targeted nutrition-related interventions. In Africa
and Asia, urban populations are growing at a high rate, which may lead to a further decrease in per
capita nutrients (an average reduction of 36% in Africa, 30% in Asia) (Figure 5). A possible solution for
slowing down the process might be nutrient reuse. In contrast, average per capita amount of nutrients
in Europe will decrease by 10%, but a steady decline in population numbers is also expected here [61].
Obviously, these analyses are limited by certain factors as they do not take into account, for example,
the size of the city or changes that have occurred in terms of land use. By 2030, urban expansion will
require an additional 2% of the available global land, but local effects might be more significant in the
life of individual cities, affecting reuse opportunities and making adaptive decisions [8].
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3.6. Climate Change and Water
According to estimations, climate change has already reduced global crop yields of maize and
wheat by 3.8% and 5.5% respectively and researchers are warning that further decline in productivity
is expected as temperature changes exceed critical physiological thresholds [62]. The progressively
extreme climate change increases production risk and puts an increasing burden on the subsistence
of agricultural producers. Climate change also poses a threat to the food supply of both rural and
urban populations. Extreme climatic events have a long-term negative impact, since exposure to risk
and increasing uncertainty affect the introduction of effective economic innovations. Consequently,
the number of low-risk but low-yield activities begins to increase [31]. Agricultural activity also
contributes to warming the planet. Total carbon dioxide emissions from agriculture in 2010 were
equal to 5.2–5.8 gigatons of CO2 equivalent annually, representing approximately 10%–12% of
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global anthropogenic emissions [63]. Agricultural categories with the highest level of emission are
fermentation, manure, synthetic fertilizer and biomass combustion. Considering that there will be
a need for further increases in agricultural production, the emission of harmful substances is also
expected to increase. The main source of planned emission growth is the application of conventional
agricultural techniques (as opposed to precision farming) that will result in the further, severe damage
of the ecosystem, such as further water and soil pollution [64]. Some recent publications discuss the
impact of climate change on yields, especially for the most important crops, such as wheat, maize, rice
and soybean [65–69], which means that scientific processing of the topic is ongoing.
Currently, 97.5% of Earth’s water resources are saltwater and only 2.5% is freshwater, 69% of which
are glaciers and persistent snow, 30.7% groundwater, and 0.3% in the form of lakes and rivers [41].
There is some similarity between freshwater resources and land in terms of their availability. If we
look at both factors on a global level, they are available in sufficient quantities, but the distribution is
very uneven. This is also illustrated by the fact that there are huge differences between countries in
the same regions, but even within countries. Demand for water is expected to increase by 100% by
2050, which can be attributed to population growth, urbanization and the effects of climate change [70].
As the urban population grows, household and industrial water consumption are expected to double.
Climate change implies a greater chance of more extreme weather phenomena, because of which water
consumption of crop production might increase considerably [70].
Humanity consumes the most water in the course of food production and global production of
cereals. Due to increasing food production, water resources from the rivers and groundwater are
primarily used for the irrigation of cultivated crops. Most irrigation systems usually provide more
water to plants than they actually require [71]. Improving living standards, changing food preferences
and the increasing demand for goods require a higher amount of water consumption. At the same
time, more than 650 million people—especially south of the Sahara—have no access to drinking water
of adequate quality. The current situation is further exasperated by the fact that 2.4 billion people
do not have modern wastewater management [72]. The United Nations Organization puts special
emphasis on the issue of sewage disposal.
This is also well illustrated by the fact that the 6th element of the Sustainable Development Goals
is clean and sanitary water. Ensuring appropriate management and sustainable treatment of water
resources is essential for our future.
Climate change is a global phenomenon, but developing countries are in greater danger. In addition,
the problems posed by urbanization, increasing water shortage and technological backwardness are
the most important challenges to be addressed. Rural areas should have access to the fundamental
services of the 21st century, such as public utilities, health care, electrification, education, etc. This is
important for the improvement in the living conditions of the population living here [63].
3.7. China’s Food Supply
Inputs (fertilizer, water) and their impact on the environment are vital elements of food production
(mostly cereal). According to surveys, the global center of nitrogen fertilizer utilization was in Western
Europe and the US in the 1960s but was relocated to East Asia, especially to China by the beginning of
the 21st century [73]. In the last century, China faced a number of food shortages. In the course of one
of them, a quota system was introduced (1955–1993) followed by a land contract reform (1981) that was
implemented. Total cereal production increased by 74%, from 354 million tons in 1982 to 618 million
tons by 2017, which exceeded the rate of population growth [74]. Currently, China feeds 20% of the
global population on 7% of the total agricultural land. In order to maintain this performance, China has
paid a high price. The use of chemical fertilizers has tripled in the last three decades. Excessive and
inefficient use achieved 32% efficiency compared to a global average of 55%. China’s water supply is in
a similar situation since, apart from low-efficiency utilization and poor-quality quantitative distribution
across the country, it is also uneven. China’s available water supply per person is only 2050 m3,
which is 25% of the global average. In North China, where only a low amount of water is available,
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a large volume of underground water is used for agricultural purposes. Therefore, it is of utmost
importance for China to proactively investigate how food security can be achieved through the balance
of resource management, environmental protection and sustainable agricultural development [74–76].
In 2015, the one-child policy was abolished; families are now allowed to have a second child. However,
many people choose not to have more children because they cannot afford the high costs of their
upbringing. Thus, according to demographic estimations, the two-child policy will result in only
2–4 million additional people in China annually for the next 10 years. The accelerated growth of China
in terms of urban population as compared to rural areas continues to affect food consumption [77].
In 2016, China’s urbanization rate rose to 57% and it might increase to 65% by 2025 and to 80% by
2050. However, it should be noted that in the east (China, India), a significant part of the population is
concentrated because it is often impossible to live outside these areas (e.g., deserts, high mountains,
and jungles). In light of these statistical data, they need to find a solution for further safe and healthy
food supply [78].
3.8. Food Prices and Food Security
Changes in food prices fundamentally affect the quantity and quality of food available to an
individual. In developing countries, where a high proportion of household income is spent on food,
changes in food prices are a critical factor. In these areas, relatively moderated price changes can also
have a significant impact on food security. The past few decades have been marked by rising food
prices and rising price volatility. These market events require the collective cooperation of the countries
concerned in order to mitigate the adverse effects of price changes. Swinnen and Squicciarini (2012)
drew attention to the contradictory messages being transmitted by the parties involved in the food
safety debate. These messages do not always correctly convey the true effect of high or even low food
prices [79].
While the food price boom dates back at least to the 1970s, rising food prices (in nominal terms) in
2007/08 renewed the attention of the policy makers and market analysts to the so-called “commodity
boom” again. Not only the price levels, but the higher variability became a concern as well [80].
As Baffes and Haniotis (2016) noted, that the reversal of the downward trend in food prices seen
until 2000 has already had consequences for food security in developing countries [81]. The main
sources of the price boom between 2000 and 2007 was the increased commodity demand induced by
the global economic growth, the dollar depreciation and the changes in the stock to use ratio, according
to Timmer (2008) [82]. However, these sources provided an inadequate explanation for the sudden
increase in the prices. Additional factors were the growing demand for biofuels (where food crops are
the input materials, especially maize), unfavorable weather events, plant diseases and the changes in
trade policy. In some cases, panic and hoarding and further speculation has some effect as well [80].
According to the United Nations Conference on Trade and Development (UNCTAD) (2011) study,
agricultural prices are more vulnerable to fluctuations by their nature. These effects will require a
more efficient risk distribution mechanism among the markets, which would strengthen the safety net
related to food price changes. Increased price fluctuation has an adverse effect on developing countries,
since there is a high share of rural households with low household income, that often rely heavily on
self-produced agriculture commodity products [83].
Oil price changes (and in general, energy price changes) became a crucial factor as well. The effect
of oil prices is twofold. Firstly, high oil prices would increase the demand for alternative energy sources,
such as biofuel. These changes, in turn, will increase the demand for input materials, which can change
the allocation between food, feed and fuel. Second, higher oil prices lead to higher production costs,
which decreases the supply of food in the long run [84]. In general, the cost of energy is approximately
10 per cent of the agricultural production, according to the World Bank (2016) estimates, which
means that agriculture and its related sectors are highly energy intensive. In developing countries,
production technologies and transportation are inefficient. Thus, energy price changes can have
serious effects. A significant number of studies have shown a stronger impact of energy prices on
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agricultural prices and a closer integration of the two markets [85–88]. These studies have found a
stronger connection between the energy and the agricultural market after the global economic and
financial crisis. Among the results, there was apparent support for possible non-linear effects, increased
spillover mechanisms and long-term relations (cointegration). At the same time, the root of the price
developments is the fundamental market mechanism, as supply and demand. As Timmer (2008) noted,
the long-term question is whether supply can keep up with demand generated by rapid economic
growth. While the possibility existed in recent decades and supply could keep up with demand,
this time, it is compounded by the scarcity of high-quality, accessible agricultural area, stagnation
in yields seen over decades, and rising costs of basic inputs. As research results are often lagging
behind in this field, the only possibility is to increase yields until new agricultural technologies emerge.
The most effective solution to high food prices is therefore to stimulate an increase in agricultural
output. Combining the effect of climate change and water scarcity, the problem requires a quick and
efficient solution.
In the wealthiest countries, the concentration of retail trade and the increasing complexity of
food businesses, as well as the extended impact of supply chains, play a role of key importance.
In poorer countries, many of the listed effects can be overcome. However, according to researchers,
cooperation along the supply chain is less effective [89,90]. In addition to cooperation between chain
members, traceability is also very important in modern agriculture. The implementation of technological
innovations is essential in food supply chains from farm to plate [89].
Cooperation along the supply chain is particularly important in developed countries because
food retail is highly concentrated and, in many countries, there are numerous companies with a very
strong bargaining position with suppliers and they therefore often push down purchasing prices.
Lower profit ratios and higher volumes from more limited suppliers encourage lower prices and
increase the number of sales, creating a vicious circle of addiction [91].
Additional income generated by the rising prices of agricultural products and food, therefore,
does not reach producers in most of the cases, who are consequently able to introduce production-related
innovation only from fewer resources [92]. The share of supermarket-type stores in food retail has
become increasingly significant on a global scale in recent decades. Companies dealing with food retail
often employ suppliers to ensure a continuous supply of certain product types, which may further
increase the exposure of producers in the supply chain [93].
4. Conclusions
Growing population and changing dietary habits, with the intensifying demand for food with
higher value added in developing countries are expected to increase food demand by 60% by 2050.
In addition, unprecedented developments are taking place, especially in areas where the demand
for fossil resources has traditionally been very low. Agricultural production can only be intensified
with the increasing use of fertilizers. Thus, the efficiency of fertilizer usage needs to be improved.
Almost all developed and developing countries have accepted the need to increase agricultural
productivity and efficiency. The sustainable production of more food for human consumption requires
technology that makes better application of limited resources, including land, water and fertilizer.
Traditional agricultural production is not sustainable economically or environmentally. The question is
whether the existing knowledge on agro-ecological practices is able to achieve the rate of yield that is
required to feed the growing population. Without answering the question, a substantial investment is
needed in research and innovation. In addition to food security, food stability is also important, and
the most important issue here is predictability.
Food production requires a fundamental transformation in order to preserve the ecological
conditions of the planet and to avoid the associated health risks. The key to the solution is so diverse
that it is essential to integrate and renew the relevant branches of science. This includes, for example,
molecular and taxonomic biology, food science and medicine, agronomy, ecology, earth science,
computer science and nature biology. Long-term, interdisciplinary human health studies need to
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be further integrated in order to achieve a higher standard and compatibility of sustainable food
production. Globally, sustainable development goals require an industrial and scientific revolution.
Food production, affected human population growth and the global ecological challenges it generates,
will play a crucial role in the future of the Earth.
Climate change and extreme negative weather conditions are key drivers of global famine and
food insecurity. They have a negative impact on livelihood and all aspects of food security (accessibility,
stability, etc.) and contribute to other malnutrition related to childcare and nutrition. Due to the growing
energy and food demand, it has become evident that greenhouse gas emissions, especially carbon
dioxide, have an impact on the global climate. There is a growing demand for suitable land, where
food production, feed production, energy crops and urbanization are in competition. These problems
are further exacerbated by the gradual change in soil productivity caused by climate change (erosion,
water stress, increasing soil salinity, etc.). The health of the soil is also crucial during agricultural
production because healthy crops can only be produced on soils in good conditions. Producing crops
that meet the high criteria of healthy foods requires soil in good conditions. That means the farmers
have to pay attention to the health status of the soil during agricultural production and plant seeds or
use fertilizers which do not harm the soil. However, the change in indirect land use may also increase
greenhouse gas emissions. Precision plant breeding is a good solution to increase crop production
and yields. Farmers always have to pay attention to saving biodiversity. Increasing yields by starting
agricultural production on new lands cannot be a solution anymore in order to save the available
natural resources. This is due to the fact that crop production has shifted to previously unused land,
which can lead to the transformation of forests and savannah. Such land use change will damage
biodiversity and increase greenhouse gas emissions. The science of global climate change indicates
that, as a result of the increasing level of greenhouse gases, the Earth as a whole has a general warming
trend. While natural resources have an impact on greenhouse gas concentrations over time, global
scientific consensus indicates that human resources for greenhouse gases also contribute to global
climate change. The risk of food insecurity and malnutrition is greater today, especially in low-income
regions, which are more exposed and sensitive to climate change.
Technological innovations may allow mankind to increase food production in a sustainable
way to meet the reasonable needs. The use of smart devices including smartphones, other IT tools
and different applications of precision and automatized agriculture can help farmers to increase
the efficiency of agriculture. The spread of smart IT devices can help the spread of precision and
automatized agriculture as well as more agriculture employees will have knowledge about these
technological solutions. When professional agricultural users start to introduce new smart solutions
in the operation of agricultural companies, they can count on the IT knowledge of their workforce;
however, during the self-evaluation of employee knowledge, managers always have to pay attention
to the Dunning–Kruger effect [94]. The above effect means that less educated workforce usually
overestimates their knowledge—and this circumstance is totally typical in the case of IT knowledge in
the agricultural sector [95]. Ultimately, the issue of food security applies to people as well as to finite
resources. There is no simple or easy solution to sustainably feed nine billion people, especially with
consumption habits becoming non-sustainable. Hopefully the scientific and technological innovation
is going to help to defeat this challenge. Sustainable food production can only be achieved by reducing
greenhouse gas emissions and reducing water usage. This growth must be achieved without further
environmental damage. Sustainable intensification might be a way to ensure the necessary—and not
overestimated—scale of production while mitigating environmental impacts. We must avoid further
reducing our biodiversity for the easy profit of food production, not only because biodiversity provides
numerous public goods that humankind relies on, but also because we have no right to deprive the
future generation of the economic and cultural benefits. These challenges together represent the crucial
problem that needs to be solved. To solve this crucial problem, we need a social revolution that breaks
down the barriers between science and agriculture related to food production. The goal is not only to
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maximize productivity but also to optimize the results of production, environmental protection and
social justice (fairness of food distribution) in a much more complex way.
According to the results, instead of the inclusion of additional agricultural area, further improved
yields and food management will be necessary to provide sufficient amounts of additional food.
This will require more efficient water and energy management as well as improvements in waste
management. Due to the growing population and changing dietary habits, food supply (especially
the animal protein-related consumption) is expected to increase the pressure on the environment.
A higher share of plant-based consumption may help to reduce this pressure, but it is expected only in
the developed areas with a relatively high GDP per capita. Climate change is the slowest changing
component of the food supply, but its impact is felt globally. The right perception of climate change
can have a serious impact on improving food security. Despite the overwhelming scientific evidence,
there is often skepticism and emotional overtones in the debate surrounding climate change. However,
effective solutions to problems require a united and cooperative approach. Coordinated restrictions on
agricultural trade are essential in times of high and volatile food prices, which was often hampered by
ad-hoc and unadvised trade restrictions in individual countries in the past. Higher food price volatility
has become a feature of the liberalized agricultural market in the last decade. As price volatility cannot
be reduced, the aim should be to spread and hedge the associated risks properly. Efficient future
markets and different types of insurance could be useful tools to tackle these issues. Taking these factors
into account is particularly important, since inadequate food supply is likely to lead to food-related
riots and social unrest, which, in addition to their economic and social impact, have ethical and political
implications as well.
Author Contributions: Conceptualization, D.F. and J.S.; Methodology, J.S and D.F.; Software, J.S.; Writing—original
draft preparation, D.F.; J.S.; M.H.-R.; Writing—review and editing, D.F.; J.S.; M.H.-R.; Visualization, D.F; J.S..;
Supervision, M.H.-R.
Funding: This work/publication is supported by the Debrecen Venture Catapult Program,
EFOP-3.6.1-16-2016-00022 project. This project is co-financed by the European Union and the European Social Fund.
Conflicts of Interest: The authors declare no conflict of interest
References
1. Knapp, S.; van der Heijden, M.G.A. A global meta-analysis of yield stability in organic and conservation
agriculture. Nat. Commun. 2018, 9, 3632. [CrossRef] [PubMed]
2. Hofstra, N.; Vermeulen, L.C. Impacts of population growth, urbanisation and sanitation changes on global
human Cryptosporidium emissions to surface water. Int. J. Hyg. Environ. Health 2016, 219, 599–605.
[CrossRef] [PubMed]
3. Röös, E.; Bajželj, B.; Smith, P.; Patel, M.; Little, D.; Garnett, T. Greedy or needy? Land use and climate impacts
of food in 2050 under different livestock futures. Glob. Environ. Chang. 2017, 47, 1–12. [CrossRef]
4. Kummu, M.; De Moel, H.; Salvucci, G.; Viviroli, D.; Ward, P.J.; Varis, O. Over the hills and further away from
coast: Global geospatial patterns of human and environment over the 20th–21st centuries. Environ. Res. Lett.
2016, 11, 034010. [CrossRef]
5. Smith, P. Malthus is still wrong: We can feed a world of 9–10 billion, but only by reducing food demand.
Proc. Nutr. Soc. 2015, 74, 187–190. [CrossRef]
6. d’Amour, C.B.; Reitsma, F.; Baiocchi, G.; Barthel, S.; Güneralp, B.; Erb, K.-H.; Haberl, H.; Creutzig, F.;
Seto, K.C. Future urban land expansion and implications for global croplands. Proc. Natl. Acad. Sci. USA
2017, 114, 8939–8944. [CrossRef]
7. Popp, J.; Lakner, Z.; Harangi-Rakos, M.; Fari, M. The effect of bioenergy expansion: Food, energy, and
environment. Renew. Sustain. Energy Rev. 2014, 32, 559–578. [CrossRef]
8. Wheeler, T.; Von Braun, J. Climate change impacts on global food security. Science 2013, 341, 508–513.
[CrossRef]
9. Riggs, P.K.; Fields, M.J.; Cross, H.R. Food and Nutrient Security for a Growing Population; Oxford University
Press US: Oxford, MS, USA, 2018.
Sustainability 2019, 11, 5816 15 of 18
10. Alexandratos, N.; Bruinsma, J. World Agriculture towards 2030/2050: The 2012 Revision; ESA Working Paper;
FAO: Rome, Italy, 2012.
11. Westhoek, H.; Lesschen, J.P.; Rood, T.; Wagner, S.; De Marco, A.; Murphy-Bokern, D.; Leip, A.; van Grinsven, H.;
Sutton, M.A.; Oenema, O. Food choices, health and environment: Effects of cutting Europe’s meat and dairy
intake. Glob. Environ. Chang. 2014, 26, 196–205. [CrossRef]
12. The World Bank Homepage. Available online: https://databank.worldbank.org/home.aspx (accessed on
22 January 2019).
13. Database of Food and Agriculture Organization of the United Nations. Available online: http://www.fao.org/
faostat/en/#data (accessed on 18 January 2019).
14. Boserup, E. The Conditions of Agricultural Growth: The Economics of Agrarian Change under Population Pressure;
Routledge: London, UK, 2017. [CrossRef]
15. Davis, K.F.; Gephart, J.A.; Emery, K.A.; Leach, A.M.; Galloway, J.N.; D’Odorico, P. Meeting future food
demand with current agricultural resources. Glob. Environ. Chang. 2016, 39, 125–132. [CrossRef]
16. Crist, E.; Mora, C.; Engelman, R. The interaction of human population, food production, and biodiversity
protection. Science 2017, 356, 260–264. [CrossRef] [PubMed]
17. McLaughlin, D.; Kinzelbach, W. Food security and sustainable resource management. Water Resour. Res.
2015, 51, 4966–4985. [CrossRef]
18. Ramankutty, N.; Mehrabi, Z.; Waha, K.; Jarvis, L.; Kremen, C.; Herrero, M.; Rieseberg, L.H. Trends in global
agricultural land use: Implications for environmental health and food security. Annu. Rev. Plant Biol. 2018,
69, 789–815. [CrossRef] [PubMed]
19. Blum, W.E. Functions of soil for society and the environment. Rev. Environ. Sci. Bio/Technol. 2005, 4, 75–79.
[CrossRef]
20. Tilman, D.; Clark, M. Global diets link environmental sustainability and human health. Nature 2014, 515, 518.
[CrossRef]
21. Godfray, H. The challenge of feeding 9–10 billion people equitably and sustainably. J. Agric. Sci. 2014, 152,
2–8. [CrossRef]
22. Arbuckle, J.G., Jr.; Morton, L.W.; Hobbs, J. Understanding farmer perspectives on climate change adaptation
and mitigation: The roles of trust in sources of climate information, climate change beliefs, and perceived
risk. Environ. Behav. 2015, 47, 205–234. [CrossRef]
23. WORLDOMETERS. Current World Population. 2019. Available online: https://www.worldometers.info/
world-population/ (accessed on 7 January 2019).
24. Our World in Data. World Population over the Last 12,000 Years and UN Projection until 2100. 2018.
Available online: https://ourworldindata.org/world-population-growth (accessed on 8 December 2018).
25. UN. World Population Prospects. 2019. Available online: https://population.un.org/wpp/Publications/Files/
WPP2019_Highlights.pdf (accessed on 8 June 2019).
26. WORLDOMETERS. Current World Population. 2018. Available online: https://www.worldometers.info/
world-population/world-population-by-year/ (accessed on 8 December 2018).
27. FAO. The Future of Food and Agriculture—Trends and Challenges. 2017. Available online: http://www.fao.
org/3/a-i6583e.pdf (accessed on 8 December 2018).
28. Murchie, E.; Pinto, M.; Horton, P. Agriculture and the new challenges for photosynthesis research. New Phytol.
2009, 181, 532–552. [CrossRef]
29. Furbank, R.T.; Quick, W.P.; Sirault, X.R. Improving photosynthesis and yield potential in cereal crops by
targeted genetic manipulation: Prospects, progress and challenges. Field Crop. Res. 2015, 182, 19–29.
[CrossRef]
30. Foley, J.A.; Ramankutty, N.; Brauman, K.A.; Cassidy, E.S.; Gerber, J.S.; Johnston, M.; Mueller, N.D.;
O’Connell, C.; Ray, D.K.; West, P.C.; et al. Solutions for a cultivated planet. Nature 2011, 478, 337. [CrossRef]
31. Lesk, C.; Rowhani, P.; Ramankutty, N. Influence of extreme weather disasters on global crop production.
Nature 2016, 529, 84. [CrossRef] [PubMed]
32. Zhang, X.; Davidson, E.A.; Mauzerall, D.L.; Searchinger, T.D.; Dumas, P.; Shen, Y. Managing nitrogen for
sustainable development. Nature 2015, 528, 51. [CrossRef] [PubMed]
33. Goucher, L.; Bruce, R.; Cameron, D.D.; Koh, S.L.; Horton, P. The environmental impact of fertilizer embodied
in a wheat-to-bread supply chain. Nat. Plants 2017, 3, 17012. [CrossRef] [PubMed]
Sustainability 2019, 11, 5816 16 of 18
34. Dawson, C.J.; Hilton, J. Fertiliser availability in a resource-limited world: Production and recycling of
nitrogen and phosphorus. Food Policy 2011, 36, S14–S22. [CrossRef]
35. Lamberth, C.; Jeanmart, S.; Luksch, T.; Plant, A. Current challenges and trends in the discovery of
agrochemicals. Science 2013, 341, 742–746. [CrossRef]
36. Pittelkow, C.M.; Liang, X.; Linquist, B.A.; Van Groenigen, K.J.; Lee, J.; Lundy, M.E.; Van Gestel, N.; Six, J.;
Venterea, R.T.; Van Kessel, C. Productivity limits and potentials of the principles of conservation agriculture.
Nature 2015, 517, 365. [CrossRef]
37. Woolf, S.H. The meaning of translational research and why it matters. JAMA 2008, 299, 211–213. [CrossRef]
38. Jacobsen, S.-E.; Sørensen, M.; Pedersen, S.M.; Weiner, J. Feeding the world: Genetically modified crops
versus agricultural biodiversity. Agron. Sustain. Dev. 2013, 33, 651–662. [CrossRef]
39. Hefferon, K.L.; Herring, R.J. The End of the GMO? Genome Editing, Gene Drives and New Frontiers of Plant
Technology. Journal 2017, 7, 1–32.
40. Fairfield-Sonn, J.W. Political Economy of GMO Foods. J. Manag. Policy Pract. 2016, 17, 1.
41. FAO. The State of Food Security & Nutrition around the World 2018; FAO: Rome, Italy, 2018.
42. Jackson, P.; Ward, N.; Russell, P. Moral economies of food and geographies of responsibility. Trans. Inst.
Br. Geogr. 2009, 34, 12–24. [CrossRef]
43. Warde, A. Consumption and theories of practice. J. Consum. Cult. 2005, 5, 131–153. [CrossRef]
44. Delormier, T.; Frohlich, K.L.; Potvin, L. Food and eating as social practice–understanding eating patterns
as social phenomena and implications for public health. Sociol. Health Illn. 2009, 31, 215–228. [CrossRef]
[PubMed]
45. Watson, M.; Meah, A. Food, waste and safety: Negotiating conflicting social anxieties into the practices of
domestic provisioning. Sociol. Rev. 2012, 60, 102–120. [CrossRef]
46. West, P.C.; Gerber, J.S.; Engstrom, P.M.; Mueller, N.D.; Brauman, K.A.; Carlson, K.M.; Cassidy, E.S.;
Johnston, M.; MacDonald, G.K.; Ray, D.K. Leverage points for improving global food security and the
environment. Science 2014, 345, 325–328. [CrossRef]
47. Clark, M.; Tilman, D. Comparative analysis of environmental impacts of agricultural production systems,
agricultural input efficiency, and food choice. Environ. Res. Lett. 2017, 12, 064016. [CrossRef]
48. OECD. Education at a Glance 2018; OECD: Paris, France, 2018. [CrossRef]
49. Blanchard, J.L.; Watson, R.A.; Fulton, E.A.; Cottrell, R.S.; Nash, K.L.; Bryndum-Buchholz, A.; Büchner, M.;
Carozza, D.A.; Cheung, W.W.L.; Elliott, J.; et al. Linked sustainability challenges and trade-offs among
fisheries, aquaculture and agriculture. Nat. Ecol. Evol. 2017, 1, 1240–1249. [CrossRef]
50. Cole, M.B.; Augustin, M.A.; Robertson, M.J.; Manners, J.M. The science of food security. NPJ Sci. Food
2018, 2, 14. [CrossRef]
51. Gustafsson, J.; Cederberg, C.; Sonesson, U.; Emanuelsson, A. The Methodology of the FAO Study: Global Food
Losses and Food Waste-Extent, Causes and Prevention—FAO, 2011; SIK Institutet för livsmedel och bioteknik:
Boras, Sweden, 2013.
52. Tirado, M.; Hunnes, D.; Cohen, M.; Lartey, A. Climate change and nutrition in Africa. J. Hunger Environ. Nutr.
2015, 10, 22–46. [CrossRef]
53. Holdsworth, M.; Kruger, A.; Nago, E.; Lachat, C.; Mamiro, P.; Smit, K.; Garimoi-Orach, C.; Kameli, Y.;
Roberfroid, D.; Kolsteren, P. African stakeholders’ views of research options to improve nutritional status in
sub-Saharan Africa. Health Policy Plan. 2014, 30, 863–874. [CrossRef]
54. Godfray, H.C.J.; Beddington, J.R.; Crute, I.R.; Haddad, L.; Lawrence, D.; Muir, J.F.; Pretty, J.; Robinson, S.;
Thomas, S.M.; Toulmin, C. Food security: The challenge of feeding 9 billion people. Science 2010, 327, 1185383.
[CrossRef] [PubMed]
55. McGuire, S.; FAO; IFAD; WFP. The State of Food Insecurity in the World 2015: Meeting the 2015 International
Hunger Targets: Taking Stock of Uneven Progress; FAO: Rome, Italy, 2015. [CrossRef]
56. Haddad, L.; Achadi, E.; Bendech, M.A.; Ahuja, A.; Bhatia, K.; Bhutta, Z.; Blössner, M.; Borghi, E.; Colecraft, E.;
de Onis, M.; et al. The Global Nutrition Report 2014: Actions and Accountability to Accelerate the World’s
Progress on Nutrition. J. Nutr. 2015, 145, 663–671. [CrossRef] [PubMed]
Sustainability 2019, 11, 5816 17 of 18
57. Hengeveld, L.M.; Wijnhoven, H.A.; Olthof, M.R.; Brouwer, I.A.; Harris, T.B.; Kritchevsky, S.B.; Newman, A.B.;
Visser, M.; Study, H.A. Prospective associations of poor diet quality with long-term incidence of protein-energy
malnutrition in community-dwelling older adults: The Health, Aging, and Body Composition (Health ABC)
Study. Am. J. Clin. Nutr. 2018, 107, 155–164. [CrossRef] [PubMed]
58. Lim, S.S.; Vos, T.; Flaxman, A.D.; Danaei, G.; Shibuya, K.; Adair-Rohani, H.; AlMazroa, M.A.; Amann, M.;
Anderson, H.R.; Andrews, K.G. A comparative risk assessment of burden of disease and injury attributable
to 67 risk factors and risk factor clusters in 21 regions, 1990–2010: A systematic analysis for the Global Burden
of Disease Study 2010. Lancet 2012, 380, 2224–2260. [CrossRef]
59. Muthayya, S.; Rah, J.H.; Sugimoto, J.D.; Roos, F.F.; Kraemer, K.; Black, R.E. The global hidden hunger indices
and maps: An advocacy tool for action. PLoS ONE 2013, 8, e67860. [CrossRef]
60. Eggersdorfer, M.; Akobundu, U.; Bailey, R.L.; Shlisky, J.; Beaudreault, A.R.; Bergeron, G.; Blancato, R.B.;
Blumberg, J.B.; Bourassa, M.W.; Gomes, F. Hidden Hunger: Solutions for America’s Aging Populations.
Nutrients 2018, 10, 9. [CrossRef]
61. Trimmer, J.T.; Guest, J.S. Recirculation of human-derived nutrients from cities to agriculture across six
continents. Nat. Sustain. 2018, 1, 427–435. [CrossRef]
62. Lobell, D.B.; Schlenker, W.; Costa-Roberts, J. Climate trends and global crop production since 1980. Science
2011, 333, 1204531. [CrossRef]
63. Diaz, D.; Moore, F. Quantifying the economic risks of climate change. Nat. Clim. Chang. 2017, 7, 774.
[CrossRef]
64. Fróna, D. Globális kihívások a mezo˝gazdaságban. Int. J. Eng. Manag. Sci. 2018, 3, 195–205. [CrossRef]
65. Scialabba, N.E.-H.; Müller-Lindenlauf, M. Organic agriculture and climate change. Renew. Agric. Food Syst.
2010, 25, 158–169. [CrossRef]
66. Müller, C.; Robertson, R.D. Projecting future crop productivity for global economic modeling. Agric. Econ.
2014, 45, 37–50. [CrossRef]
67. Müller, C.; Bondeau, A.; Popp, A.; Waha, K.; Fader, M. Climate change impacts on agricultural yields. 2010.
Available online: https://openknowledge.worldbank.org/handle/10986/9065?locale-attribute=en (accessed on
8 December 2018).
68. Challinor, A.J.; Watson, J.; Lobell, D.; Howden, S.; Smith, D.; Chhetri, N. A meta-analysis of crop yield under
climate change and adaptation. Nat. Clim. Chang. 2014, 4, 287. [CrossRef]
69. Asseng, S.; Ewert, F.; Martre, P.; Rötter, R.P.; Lobell, D.; Cammarano, D.; Kimball, B.; Ottman, M.; Wall, G.;
White, J.W. Rising temperatures reduce global wheat production. Nat. Clim. Chang. 2015, 5, 143. [CrossRef]
70. EASAC. Opportunities and Challenges for Research on Food and Nutrition Security and Agriculture in Europe;
EASAC: Halle, Germany, 2017.
71. Lane, A.; Norton, M.; Ryan, S. Water Resources: A New Water Architecture; John Wiley & Sons:
Hoboken, NJ, USA, 2017.
72. WHO. Progress on Sanitation andDrinkingWater: 2015Update andMDGAssessment; World Health Organization:
Geneva, Switzerland, 2015.
73. Lu, C.; Tian, H. Global nitrogen and phosphorus fertilizer use for agriculture production in the past half
century: Shifted hot spots and nutrient imbalance. Earth Syst. Sci. Data 2017, 9, 181–192. [CrossRef]
74. Cui, K.; Shoemaker, S.P. A look at food security in China. NPJ Sci. Food 2018, 2, 4. [CrossRef] [PubMed]
75. Qin, Y.; Zhang, X. The road to specialization in agricultural production: Evidence from rural China. World Dev.
2016, 77, 1–16. [CrossRef]
76. Kang, S.; Hao, X.; Du, T.; Tong, L.; Su, X.; Lu, H.; Li, X.; Huo, Z.; Li, S.; Ding, R. Improving agricultural
water productivity to ensure food security in China under changing environment: From research to practice.
Agric. Water Manag. 2017, 179, 5–17. [CrossRef]
77. Carter, C.A.; Zhong, F.; Zhu, J. Advances in Chinese agriculture and its global implications. Appl. Econ.
Perspect. Policy 2012, 34, 1–36. [CrossRef]
78. Guan, X.; Wei, H.; Lu, S.; Dai, Q.; Su, H. Assessment on the urbanization strategy in China: Achievements,
challenges and reflections. Habitat Int. 2018, 71, 97–109. [CrossRef]
79. Swinnen, J.; Squicciarini, P. Mixed messages on prices and food security. Science 2012, 335, 405–406. [CrossRef]
[PubMed]
Sustainability 2019, 11, 5816 18 of 18
80. Calvo-Gonzalez, O.; Shankar, R.; Trezzi, R. Are Commodity Prices More Volatile Now? A Long-Run Perspective;
The World Bank: Washington, DC, USA, 2010.
81. Baffes, J.; Haniotis, T. What explains agricultural price movements? J. Agric. Econ. 2016, 67, 706–721.
[CrossRef]
82. Timmer, C.P. Causes of High Food Prices; ADB Economics Working Paper Series; ADB Economics:
Manila, Philippines, 2008.
83. Imf, O.; Unctad, W. Price Volatility in Food and Agricultural Markets: Policy Responses; FAO: Roma, Italy, 2011.
84. Hochman, G.; Rajagopal, D.; Timilsina, G.; Zilberman, D. Quantifying the causes of the global food commodity
price crisis. Biomass Bioenergy 2014, 68, 106–114. [CrossRef]
85. Serra, T.; Zilberman, D. Biofuel-related price transmission literature: A review. Energy Econ. 2013, 37, 141–151.
[CrossRef]
86. Kristoufek, L.; Janda, K.; Zilberman, D. Correlations between biofuels and related commodities before and
during the food crisis: A taxonomy perspective. Energy Econ. 2012, 34, 1380–1391. [CrossRef]
87. Kristoufek, L.; Janda, K.; Zilberman, D. Regime-dependent topological properties of biofuels networks.
Eur. Phys. J. B 2013, 86, 40. [CrossRef]
88. Gilbert, C.L. How to understand high food prices. J. Agric. Econ. 2010, 61, 398–425. [CrossRef]
89. Opara, L.U. Traceability in agriculture and food supply chain: A review of basic concepts, technological
implications, and future prospects. J. Food Agric. Environ. 2003, 1, 101–106.
90. Behzadi, G.; O’Sullivan, M.J.; Olsen, T.L.; Zhang, A. Agribusiness supply chain risk management: A review
of quantitative decision models. Omega 2018, 79, 21–42. [CrossRef]
91. Horton, P.; Koh, L.; Guang, V.S. An integrated theoretical framework to enhance resource efficiency,
sustainability and human health in agri-food systems. J. Clean. Prod. 2016, 120, 164–169. [CrossRef]
92. Farkasné Fekete, M.; Balyi, Z.; Szu˝cs, I. Az agrárgazdaság hatékonyságának néhány sajátos aspektusa.
Gazdálkodás Sci. J. Agric. Econ. 2014, 58, 564–594.
93. Du, X.; Lu, L.; Reardon, T.; Zilberman, D. Economics of agricultural supply chain design: A portfolio selection
approach. Am. J. Agric. Econ. 2016, 98, 1377–1388. [CrossRef]
94. Dunning, D.; Johnson, K.; Ehrlinger, J.; Kruger, J. Why people fail to recognize their own incompetence.
Curr. Dir. Psychol. Sci. 2003, 12, 83–87. [CrossRef]
95. Cavicchi, C.; Vagnoni, E. Intellectual capital in support of farm businesses’ strategic management: A case
study. J. Intellect. Cap. 2018, 19, 692–711. [CrossRef]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
